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© Recording liquid and method for ink Jet recording using same. 

© A recording liquid comprises at least one of certain specified dyes carbon black, a water-soluble resin, a 
water-soluble organic solvent and water. The organic solvent includes p olyhydric alcoho l and/or its alkyl ether 
and an aliphati c^ monohydric a lsojioL The water-soluble resin has an acRTvalue of 50 to 300. The amount of th 
dissolved water-soluble resin is not more than 2% by weight. A method for ink jet recording comprises ejecting 
the recording liquid as liquid droplets from fine orifices by endowing the recording liquid with heM-efiefg^. 
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RECORDING LIQUID AND METHOD FOR INK JET RECORDING USING SAME 



BACKGROUND OF THE INVENTION 
Field of the Invention 

5 This invention relates to a recording liquid particularly suitable for an ink jet printer and a method for ink 
jet recording by allowing a recording liquid to fly from the orifices of a recording head by an action of heat 
energy. 

Related Background Art 

ro 

The Ink jet recording system has such advantages as less generation of noises during the recording, 
easy response to colorization and high speed recording of images with a high resolution owing to the use of 
a highly integrated head. In the ink jet recording system, solutions of various water-soluble dyes in water or 
a mixture of water with an organic solvent have been used as inks. However, the water-soluble dyes 

75 themselves are poor in lightfastness, and thus the lightfastness of recorded images has been a problem in 
many cases. Furthermore, the waterfastness of recorded images has been also a problem in many cases 
due to the water solubility of the dyes. That is, recorded images are sometimes blurred or disappear when 
wetted with rain or sweat or splashed with water. 

On the other hand, writing materials using a dye, such as ball-point pens. etc. have a similar problem, 

20 and in order to solve the problems of lightfastness and waterfastness, various aqueous pigment inks have 
been proposed for the writing materials. For practical applications of aqueous pigment inks, dispersion 
stability, prevention of inks from solidification at the tip of a pen, and prevention of balls of ball point pens 
from wearing have been investigated. For example, Japanese Patent Application Kokai (Laid-open) No. 61- 
246271 discloses an ink composition for writing materials with improved dispersion stability and drying 

25 resistance by using a water-soluble amine salt, ammonium salt or metal salt of copolymers comprising a 
hydrophilic, addition-polymerizable monomer and styrene and/or styrene derivative monomer as a water- 
soluble resin, and Japanese Patent Application Kokai (Laid-open) No. 62-72774 discloses an aqueous 
pigment ink free from an ejection-down phenomenon and an ink runout phenomenon by using polysiloxane. 
When a conventional pigment ink using carbon black is used in the ink jet recording, the fastness of a 

30 printed product can be considerably improved, as compared with those when a dye ink is used, as 
mentioned above, but it was found by the successive investigation that there was such an inconvenience 
that the optical density of the printed product obtained with carbon black as one of characteristics of ink jet 
recording was inferior to that of the printed product obtained with a dye ink. In order to increase the optical 
density of printed products, it would have been taken into consideration to increase the concentration of 

35 pigment, but a pigment ink of high concentration had such a disadvantage as causing a serious trouble in 
the ejection stability. Furthermore, in the application of such a dispersion system as a pigment ink to the ink 
jet recording, prevention of the ink from solidification at the head tip end when left standing for a prolonged 
time was an important technical task and the ink composition was an important point in designing of reliable 
pigment inks. 

40 Still furthermore, some of the conventional pigment inks had such problems as unstable ejection or 
ultimately a failure to discharge when the driving conditions for a recording head were changed or when the 
ink was continuously ejected for a long time, though it had good ejection characteristics for a relatively short 
time. 

45 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a recording liquid capable of being alway s stably 
ejgctec) e ven if the driving conditions are changed or even if ejection is carried out for prolonged ejection 
time, and also to provide a method for ink jet recording using the recording liquid, while solving the 
60 problems of the prior art as described before. 

Another object of the present invention is to provide a recording liquid capable of producing a recorded 
image with a good fastness, particularly high waterfastness a nd lightfastness, at a high optical density. 

These objects of the present invention can be attained by a recording liquid which comprises carbon 
black, a water-soluble resin, which is preferr d to have an acid value of 50 to 300 a water-soluble organic 
solvent containing polyhydric alcohol and/or its alkyl ether and an aliphatic monohydric alcohol, and water, 
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where the amount of the dissolved water-soluble resin is not more than 2% by weight, and the recording 
liquid contains at least one of dyes r presented by the following gen ral formulae (A) to (C): 



MO 




OH NHR 



SO 3 M 



(A) 



15 



20 



wherein R is -H, -COCH 3 , 



-co- (O 




SO3M 



N — { 
or —(Qn 



NH 



NH 



and M is Na. Li, K or ammonium; 



25 



30 



H 



N — @— N=N -^- N =N 
R 1 MO o 



OH 




NH 2 



(B) 



35 



40 



wherein Ri and R 2 are groups selected from -OCH 3 , -CH 3 , -NH 2 and -NHCOCH 3 , n is 0 or 1 and M is Na, 
Li, K or ammonium; and 

HO NH 2 

@-N=N ^J^JO^= N -^-NH -@-N=N — ^-OH 



MO a S 



SO 3 M SO 3 M 



NH 



(C) 



wherein M is Na, K, Li or ammonium. 

The present invention furthermore provides a method for ink jet recording which comprises ejecting a 
recording liquid as liquid droplets from fine orifices by endowing the recording liquid with heat energy. 

50 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present recording liquid has properties particularly suitable for an Ink jet printer using heat energy. 
An ink j t recording system using heat energy utilizes a bubbling phenomenon due to the boiling of a 
recording liquid film on a thin film, heat-generating resistor as a source for generating a ejection energy and 
is practically realized, with a dye-containing ink. In this system, it is predicted that the ink layer on the thin 
film, h at-generating resistor reaches a maximum attainable temperature of 200° C to 300* C or higher only 
for a very short time such as 3 usee to 12 usee per signal. Thus, the heat stability of the ink is a very 
important condition for the ejection stability. 



55 
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As a result of investigations of causes of serious ejection troubles when a pigment ink as proposed for 
the writing material was used as such in the ink jet recording based on heat energy, the present inventors 
have found several causes, one of which is formation of deposits on the thin film, heat-generating resistor 
due to the action of heat when pulses are applied to the ink for writing materials, resulting in incomplete 
5 bubbling of the ink and consequent ejection disturbance or occurrences of ejection failure. Even if no 
deposits are formed on the thin film resistor, there can be an ejection failure of ink droplets due to 
incomplete bubbling and incomplete response to the applied pulses. That is, in order to stably eject the ink 
from the orifice tip ends, the ink must have such properties that the ink bubbles in a desired volume on the 
thin film, heat-generating resistor, and that bubbling and debubbling can repeat at desired time intervals. 
io The conventional ink for the writing materials has no such properties that various inconveniences as 
mentioned above occur during the recording upon filling the ink In an ink jet recording apparatus. 

As a result of extensive studies of properties of aqueous pigment inks such as heat stability and 
optimum bubbling, the present inventors have found that a recording liquid containing not more than 2% by 
weight, preferably not more than 1 % by weight, of a water-soluble resin not adsorbed on a pigment and at 
75 least one of polyhydric alcohol and its alkyl ether, and aliphatic monohydric alcohol as water-soluble organic 
solvents can exactly bubble under any driving conditions on the thin film, heat-generating resistor without 
any formation of deposits on the heat-generating resistor even over a long period of time. 

Furthermore, the present inventors have found that the afore-mentioned dye must be contained in the 
recording liquid in order to increase the optical density of printed images while maintaining the stable 
20 ejection, and have established the present invention. 

The dissolved water-soluble resin as referred to herein means a resin in a solution state in a liquid 
medium without being adsorbed on the pigment in the recording liquid. 

The present invention will be described in detail below. 

Carbon black for use in the present invention is not only commercially available ones but also carbon 
25 black surface-treated with a surfactant, a polymeric dispersant, or the like, graft carbon, etc. The content of 
carbon black depends upon its structure, and is in the range of 3 to 20% by weight preferably 3 to 12% by 
weight on the basis of the total weight of the recording liquid. 

As a dispersant, a water-soluble resin applicable to pigment dispersion can be used. Such a water- 
soluble resin is a resin having an acid value of 50 to 300, preferably 70 to 250. 
30 Coupling of a pigment with a water-soluble resin is a hydrophobic coupling. When the acid value of the 
resin is higher, that is, when the hydrophilic property is too strong, the resin is not adsorbed on the pigment 
surface in a manner as desired, and the unadsorbed resin content of the pigment solution is increased. 
When the acid value of the resin is too low, that is, when the hydrophilic property is weak, the resin 
becomes insoluble in water. 

35 The acid value of the resin as referred to herein is the necessary amount of KOH (mg) for neutralizing 
the resin. 

The resin for used in the present invention may be any resin soluble in an aqueous solution of amine, 
and includes, specifically, natural polymers such as lignin sulfonate, shellac, etc, polyacrylic acid, styrene- 
acrylic acid copolymer, styrene-acrylic acid-acrylic acid alkyl ester copolymer, styrene-maleic acid 
40 copolymer, styrene-maleic acid-acrylic acid alkyl ester copolymer, styrene-methacrylic acid copolymer, 
styrene-methacrylic acid-acrylic acid alkyl ester copolymer, styrene-maleic acid half ester copolymer, 
vinyinaphthalene-acrylic acid copolymer, vinylnaphthalene-maleic acid copolymer or their salts, and anionic 
polymers such as sodium salt, phosphate, etc. of 0-naphthalene-sulfonic acid-formalin condensate. 

The content of the water-soluble resin depends on the species of a pigment and a water-soluble resin 
45 to be used and is such that the amount of water-soluble resin not adsorbed on the pigment in the recording 
liquid is not more than 2% by weight, preferably not more than 1% by weight and the ratio of the pigment 
to the water-soluble resin by weight is 3:2 to 10:1, preferably 3:1 to 10:1, more preferably 10:3 to 10:1. 

The polyhydric alcohol and/or its alkyl ether for use in the present invention include, for example, 
polyafkylene glycols such as polyethylene glycol, polypropylene glycol, etc.; alkylene glycols having an 
so alkylene group of 2 to 6 carbon atoms such as ethylene glycol, propylene glycol, butylene glycol, 
triethylene glycol. 1 ,2,6-hexanetriol. thiodiglycol, hexylene glycol, diethylene glycol, etc.; glycerine: lower 
alkyl ethers of polyhydric alcohols such as ethylene glycol monomethyl (or ethyl) ether, diethylene glycol 
methyl (or ethyl) ether, triethylene glycol monomethyl (or ethyl) ether, etc. 

The content of the polyhydric alcohol and/or its alkyl ether is in th range of 10 to 50% by weight, 
55 preferably 20 to 40% by w ight Below 10% by weight, it is not satisfactory to prevent clogging at the 
nozzle tip ends, whereas above 50% by weight printing quality of printed product is lowered. 

The aliphatic monohydric alcohol for use in the present invention includes, for example, alkyl alcohols of 
1 to 4 carbon atoms such as m thyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl 
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alcohol, sec-butyl alcohol, tert-butyl alcohol, isobutyl alcohol, etc., among which ethyl alcohol is particularly 
preferable because it can considerably increase the ejection stability of the recording liquid. 

The content of aliphatic mono hydric alcoho l is in the range of 3 to 15% by weight, preferably 3 to 10% 
by weight, and below 3% by~~weight no stable ejection can always be obtained against changed in the 
driving conditions for a printer, whereas above 15% by weight the printing quality of printed product is 
lowered. 

The content of water is in the range of 10 to 60% by weight, preferably 10 to 50% by weight. 
The dye represented by the general formula (A) for use in the present invention is a dye with a good 
coloration, and includes the following compounds as preferable examples: 

A-l) 



75 



20 



NaO 3 S — N = N 



OH 




NH 



SO 3 Na 



25 



30 



35 



40 



45 



50 



55 
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A-2) 




SO 3 NH 4 



The dye represented by the general formula (A) can be prepared according to the following procedure: 
A compound of the following formula (ai) was stirred in dilute hydrochloric acid to obtain a uniform 
45 slurry. Then, ice was added to the slurry to cool it An aqueous sodium nitrite solution was added to the 

slurry and the mixture was stirred at 3° C for 3 hours to make diazotization. Then, solfamic acid was added 

thereto to eliminate the remaining sodium nitrite and obtain a diazo solution. 

50 HO 3 S NH 2 

" ... (ai) 

Then, a compound of the following general formula (bi) was dissolved in water to obtain a uniform 
55 slurry. Then, sodium hydroxid , ice and the thus obtained diazo solution were added thereto and coupling 
was carried out at 3 - C and a pH of 2 to 3. 
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NH 



H 



(bi) 



70 



Then, sodium chloride was added thereto to make salting-out. The precipitates were recovered by 
filtration and dried to obtain a monoazo compound represented by the following formula (ci ). 



/5 



HO 3 S — @- N = N 




so 



NH 



H 



(c 2 ) 



25 



The thus obtained monoazo compound was stirred in dilute hydrochloric acid to obtain a uniform slurry 
and then ice was added thereto to cool the slurry. An aqueous sodium nitrite solution was added to the 
slurry and the mixture was stirred at 3° C for 3 hours to make diazotization. Then, sulfamic acid was added 
thereto to eliminate the remaining sodium nitrite to obtain a diazo solution. 

Then, a compound of formula (di) was dissolved in water, and ice, the thus obtained diazo solution and 
sodium hydroxide were added thereto and coupling was carried out in a weakly alkaline state at a 
temperature of 2 to 5 ° C. 



30 



35 



OH 




NHR 



SO 3 H 



(d x ) 



After thorough stirring under the same conditions as above, sodium chloride was added thereto to make 
salting-out. The precipitates were recovered by filtration and dried to obtain a disazo compound represented 
by the following formula (ei). 



40 



45 



50 



NaO 3 S — ({^) — N=N 




NHR 



SO 3 Na 



(ei) 



The dye represented by the general formula (B) for use in the present invention is a dye with a good 
coloration and includes the following compounds as preferable examples: 
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IS 



B-2) 



OCH a 



OH 



H 2 N — @— N=N —(oy~N=N 

CH 3 SO 3 Na 




H 2 N — — N = N -^^-N=N 



OH 



NH 




NH 



NHCOCH 3 SO 3 NH 4 



20 



25 



B-3) 



OCH 3 



H 



N — N=N— (p)— N = 



OH 



CH 3 SO 3 Li 




NH 



30 



35 



B-4) 



NH 2 nH 
_ 7 9 H NH 

H 2 N -<^N = N-^)-N = N^jgj / 

CH 3 SO 3 K 



40 The dye represented by the general formula (B) can be prepared according to the following procedure: 
A compound of the following formula (aa) was stirred in dilute hydrochloric acid to make a uniform 
slurry. Then, ice was added thereto to cool the slurry. 

An aqueous sodium nitrite solution was added to the slurry, and the mixture was stirred at 3* C for 3 
hours to make diazotization. Then, sulfamic acid was added thereto to eliminate the remaining sodium nitrite 
45 and obtain a diazo solution. 



H 2 N — (C^~~ NH 



(a 2 ) 



so 



Then, a compound of the following formula (tfe) was dissolved in water to make a uniform slurry. Then, 
sodium hydroxide, ice and the thus obtained diazo solution were added thereto, and coupling was carried 
out at 3* C and a pH of 2 to 3. 



55 
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(b 2 ) 



w Then, sodium chloride was added thereto to make salting-out. The precipitates were recovered by 
filtration and dried to obtain a monoazo compound represented by the following formula (C2). 



75 



20 



H 2 N — — N=N 

R , 



C R 2 ) n 
NH 2 



(c z ) 



The thus obtained monoazo compound was stirred in dilute hydrochloric acid to make a uniform slurry 
and then ice was added thereto to cool the slurry. An aqueous sodium nitrite solution was added to the 
slurry and the mixture was stirred at 3° C for 3 hours to make diazotization. Then, sulfamic acid was added 
25 thereto to eliminate the remaining sodium nitrite and obtain a diazo solution. 

A compound of the following formula (62) was dissolved in water, and ice, the thus obtained diazo 
solution and sodium hydroxide were added thereto, and coupling was carried out in a weakly alkaline state 
at a temperature of 2 to 5 ° C. 



30 



35 



40 



OH 




NH 



(d 2 ) 



After thorough stirring under the same conditions as above, sodium chloride was added thereto to make 
salting-out. The precipitates were recovered by filtration and dried to obtain a disazo compound represented 
by the following formula (B). 



45 



H 



2 N-@-N= 



R 1 SO 3 Na 



(B) 



so The dye represented by the general formula (C) for use in the present invention is a dye with a good 
coloration and includes the following compounds as preferable examples. 
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C-l) 



UO Nil 




SO 3 K SO 3 K Nil o 



SO 3 K 



C-2) 



HO NH 2 



®~ N=N "^©IQ^ N=N "~^~ NH ^®- N=N -^-oh 

NaO 3 S SO « Na SO s Na NH 2 



SO 3 Na SO 3 Na 



C-3) 



HO NH 2 




N — NH — @— N=N — ^-OH 
SO 3 Li SO s Li NH 2 



C-4) 



HO NH 2 



®~ N=N 7^tQj^ =N "^"^ -®- N=N -®-OH 
NH 4 0 3 S SO 3 NH 4 S0 3 NH 4 NH 2 



SO 3 NH 4 SO 3 NH 



The dye represented by the general formula (C) can be prepared according to the following procedure: 
An amine represented by the following general formula (I): 



(SO a H) „ 



H 2 N-^r— NH — ©- 



NH 



(I) 



where m and n have the same meanings as defined before, was diazotized in a mineral acid such as 
hydrochloric acid or sulfuric acid with sodium nitrite, etc., and then coupled with a compound of the 
following general formula (II) to obtain a compound of the following general formula (III). 
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10 



15 



20 



25 



30 



HO 3 S SO 3 H (II > 

HO NH 2 <y SO 3 H) n 

r^rg>pN = N --(Q)— NH — N Z C£ 

/^^\ (III) 
HO 3 S SO 3 H 

An amine represented by the following general formula (IV): 



2 



(IV) 



was diazotized In a mineral acid such as hydrochloric acid or sulfuric acid with sodium nitrite, etc. and then 
coupled with the amine represented by the general formula (III) to obtain a compound of the following 
general formula (V). 



HO NH 2 3 H) 



C £ 

— /^^\ w w (V) 

HO 3 S SO 3 H 

Then, the compound of the general formula (V) was coupled with a compound of the following general 
40 formula (VI) to obtain a desired compound of the following general formula (VII). 



45 



50 



56 



NH 2 < VI > 
HO NH 2 ^° 3 H) »" 

®~ N==N "TslQr N=N ~~^y~~ NH ~^Q)-n=n ~^-oh 

H0 3 S / ^^0 3 H NH 2 (VII) 

In the foregoing procedure, the group S0 3 H in the individual compounds may be in the form of an alkali 
metal salt, an ammonium salt or an organic amine salt, depending on the conditions. 

The content of the dye represented by the general formulae (A) to (C) is in the range of 0.5 to 2.0% by 
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weight on the basis of the total weight of the recording liquid, and below 0.5% by weight no effect as a 
coloring agent is obtained, whereas above 2.0% by weight fastness, particularly water resistance and light 
resistance, of the printed product is lowered. 

Among the dyes represented by the foregoing general formulae (A) to (C), the dye of the general 
s formula (A) is preferable because of a high color value, a very good preservation stability and a very small 
Influence upon liquid-contacting members. 

The main components constituting the present recording liquid are as described above, and may further 
contain. If required, a water-soluble organic solvent, a surfactant, a pH controller, antiseptics, etc. 

The water-soluble organic solvent applicable to the present recording liquid includes, for example, 
io amides such as dimethylformamide, dimethylacetamide, etc.; ketones and ketoalcohols such as acetone, 
diacetone alcohol, etc.; ethers such as tetrahydrofuran, dioxane, etc.; N-methyl-2-pyrrolidone, 1 ,3-dimethyl- 
2-imidazolidinone, etc. 

The surfactant applicable to the present recording liquid includes, for example, anionic surfactants such 
as fatty acid salts, higher alcohol sulfate ester salts, liquid fat-oil sulfate ester salts, alkylarylsulfonate salts, 

76 etc., and nonionic surfactants such as polyoxyethylene alkylethers, polyoxyethylene aJkylesters, polyox- 
yethylene sorbitan alkyiesters, etc. and one or more of them may be used if desired. The amount of the 
surfactant is desirably 0.01 to 5% by weight on the basis of the total weight of the recording liquid, though 
dependent on the species of the surfactant In that case, the amount of the surfactant to be added is 
preferably determined so that the surface tension of the recording liquid may be 35 dyne/cm or more, 

20 because when the recording liquid has a lower surface tension than 35 dyne/cm, unpreferable states such 
as misregistration in printing due to the wetting of nozzle tip ends (deviation of the recording liquid droplets 
from the target point on the recording sheet), etc. are brought about in the recording system as in the 
present invention. 

The pH controller applicable to the present recording liquid includes, for example, various organic 
25 amines such as diethanolamine, triethanolamine, etc.; inorganic alkali agents such as alkali metal hydrox- 
ides, e.g. sodium hydroxide, lithium hydroxide, potassium hydroxide, etc.; organic acids and mineral acids. 

The present recording liquid can be prepared by adding a pigment to an aqueous solution containing at 
least a dispersed resin, an amine and water, stirring the mixture, and then dispersing the mixture by a 
dispersing means, as will be described later, and optionally subjecting the mixture to centrifugation, thereby 
30 obtaining a desired dispersion. Then, a solution containing the above-mentioned components, where the 
dye is completely dissolved, is added to the thus obtained dispersion and the mixture is stirred to obtain a 
recording liquid. 

In order to make the content of unadsorbed resin not more than 2% by weight, it is necessary to 
completely dissolve the resin in advance by stirring the solution containing the resin, the amine and water at 
35 60 # C or higher for at least 30 minutes. Furthermore, it is necessary to add the amine thereto in an amount 
of at least 1 2. times the amount of amine calculated from the acid value of the resin to dissolve the resin. 
The amount of amine can be calculated according to the following equation: 



40 Amount of amine (g) 

(Acid value (molecular weight (amount of 
_ of resin) of amine) resin (a)) 

* 56,000 

Furthermore, it is necessary to premix the aqueous solution containing the pigment for at least 30 
minutes before the dispersion treatment. The premising can improve the wettability of the pigment surfaces 
50 and promote the adsorption of the resin onto the pigment surfaces. 

Preferable amine to be added to the dispersion includes, for example, organic amines such as 
monoethanolamine, diethanolamine. triethanolamine and aminomethylpropanot. ammonia, etc. 

Any usually applicable dispersing apparatus can be used in the present invention, for example, a ball 
mill, a roll mill, a sand mill, etc., among which high speed sand mills are preferable, including, for example. 
55 supermill. Sand grinder, Beads mill, Agitator mill. Grain mill, Daino mill, P arl mill, Cobpl mill. etc. (all of 
which are tradenames). 

In the present invention, a pigment having a desired particle size distribution can be obtained by 
reducing the size of grinding media of the dispersing apparatus, increasing the packing ratio of grinding 
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media, prolonging the treating time, lowering the ejection rate, or classifying the ground pigment through 
e.g., a filter or a centrifuge alone or in combination. 

In the present invention, the amount of unadsorbed resin can be determined by precipitating the 
pigment and the resin adsorbed on the pigment by an ultracentrifuge, etc. and measuring the amount of the 
5 remaining resin contained in the supernatant solution by total organic carbon (TOC) meter or by a 
gravimetry (by evaporating the supernant solution to dryness and measuring the weight of the resin). 

The present recording liquid is particularly suitable for an ink jet recording system which ejectes liquid 
droplets by action of heat energy for recording, but, needless to say, can be also used for the ordinary 
writing materials. 

io The present invention will be described in detail below, referring to Examples and comparative 
Examples, where parts are by weight. 



Example 1 


Preparation of pigment dispersion 


Styrene-acrylic acid-ethyl acrylate copolymer (acid 


5 parts 


value: 175; average molecular weight: 12,000) 




Monoethanolamine 


1.5 parts 


Oeionized water 


63.5 parts 


Ethylene glycol 


5 parts 



The foregoing components were mixed together, heated at 70° C on a water bath to completely 

dissolve the resin. When the concentration of the resin to be dissolved was low, the dissolution was 
25 sometimes incomplete, and thus a resin solution of high concentration may be prepared in advance and 

adjusted to a desired resin concentration upon dilution to attain complete dissolution of the resin. 

Then, 20 parts of carbon black (MCF-88, made by Mitsubishi Kasei Kogyo Kabushiki Kaisha), and 5 

parts of ethanol were added to the solution and the mixture was premixed for 30 minutes and then 

subjected to a dispersion treatment under the following conditions. 
30 Dispersing apparatus: Pearl mill (made by Ashizawa Kabushiki Kaisha) 

Grinding media: Glass beads 

Packing ratio of grinding media: 50% (by volume) 

Ejection rate: 1 00 m t/min 

Then, the mixture was further subjected to a centrifugation treatment (12,000 rpm for 15 minutes) to 
as remove coarse particles and obtain a dispersion. 



Preparation of ink 


The thus obtained dispersion: 


40 parts 


Dye (A-1) 


1.5 parts 


Giycerine 


5 parts 


Ethylene glycol 


3 parts 


Deionized water 


46.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto, and the 
mixture was stirred for one hour to obtain an ink. 

Example 2 

A black ink was prepared in the same manner as in Example 1 , except that dye (A-2) was used in place 
of the dye (A-1). 
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15 



20 



Example 3 


Preparation of pigment dispersion 


a-Methylstyrene-styrene-acrylic acid copolymer 


4 


parts 


(acid value: 130; average molecular weight: 13.000) 






Aminomethylpropanol 


2 


parts 


Deionized water 


65.2 


parts 
parts 


Diethylene glycol 


5 


Nikkol BL-9Ex (made by Nikko Chemicals 


0.5 


parts 


Kabushiki Kaisha) 





The foregoing components were mixed together and heated at 70 "C on water bath to completely 
dissolve the resin. Then, 16 parts of carbon black (MA-100, made by Mitsubishi Kasei Kogyo Kabushiki 
Kaisha) and 7 parts of ethanol were added to the solution and premixed for 30 minutes, and then the 
mixture was subjected to a dispersion treatment under the following conditions: 
Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Zirconium beads, 1 mm in diameter 
Packing ratio of grinding media: 50% (by volume) 
Grinding time: 5 hours 

Then, the mixture was further subjected to a centrifugation treatment (12,000 rpm for 20 minutes) to 
remove coarse particles and obtain a dispersion. 



25 



30 



Preparation of ink 


The thus obtained dispersion 


30 parts 


Dye (A-3) 


1.5 parts 


Glycerine 


5 parts 


Diethylene glycol 


9.5 parts 


Ethanol 


1.5 parts 


Polyethylene glycol (PEG 300) 


10 parts 


Deionized water 


35.5 parts 



35 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto and the 
mixture was stirred for one hour to obtain an ink. 



40 



Example 4 

A black ink was prepared in the same manner as in Example 1 . except that dye (A-4) was used in place 
ofthedye(A-1). 



45 



50 



55 



Example 5 



Preparation of pigment dispersion 



o-Methylstyrene-styrene-acrylic acid copolymer 
(acid value: 130; average molecular weight: 13,000) 
Aminomethylpropanol 
Deionized water 
Ethylene glycol 



6 parts 

3 parts 
61 parts 
5 parts 



The foregoing components w re mixed togeth r and heated at 70 "C on water bath to completely 
dissolv th resin. Th n, 18 parts of carbon black (MCF-88, made by Mitsubishi Kas i Kogyo Kabushiki 
Kaisha) and 7 parts of ethanol were added to the solution, and the mixture was premixed for 30 minutes 
and then subjected to a dispersion treatment under the following conditions: 
Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Zirconium beads, 2 mm in diam ter 
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Packing ratio of grinding media: 40% (by volum ) 
Grinding time: 3 hours 

The mixture was further subjected to a centrifugation treatment (12,000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 



75 



20 



25 



30 



35 



40 



10 



Preparation of ink 


The thus obtained dispersion: 


50 parts 


Dye (A-4) 


1 .5 parts 


Glycerine 


3 parts 


Diethylene glycol 


11.5 parts 


Ethanol 


1 .5 parts 


Polyethylene glycol (PEG 300) 


10 parts 


Deionized water 


22.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto and the 
mixture was stirred for one hour to obtain an ink. 



Example 6 



Preparation of pigment dispersion 



Styrene-maleic anhydride-maleic acid half ester copolymer 
(acid value: 205; average molecular weight: 7.000): 
Monoethanolamine 
Deionized water 
Ethylene glycol 



6 parts 

2 parts 
62 parts 
5 parts 



The foregoing components were mixed together and heated at 70 *C on water bath to completely 
dissolve the resin. Then, 18 parts of carbon black (MCF-88, made by Mitsubishi Kasei Kogyo Kabushiki 
Kaisha) and 7 parts of ethanol were added to the solution and the mixture was premixed for 30 minutes and 
then subjected to a dispersion treatment under the following conditions: 
Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Zirconium beads, 1 mm in diameter 
Packing ratio of grinding media: 60% (by volume) 
Grinding time: 4 hours 

The mixture was further subjected to a centrifugation treatment (12,000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 



Preparation of ink 


The thus prepared dispersion 


50 


parts 


Dye (A-2) 


1.5 


parts 


Diethylene glycol 


10 


parts 
parts 


Ethanol 


1.5 


Polyethylene glycol (PEG 300) 


10 


parts 


Deionized water 


27 


parts 



50 

The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto and the 
mixture was stirred for one hour to obtain an ink. 



55 
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Example 7 


Preparation of pigment dispersion 


Styrene-acrylic acid-ethyl acrylate copolymer (acid 


2 parts 


value: 174; average molecular weight: 18,000) 




Monoethanoiamine 


1 part 


Deionized water 


69 parts 


Ethylene glycol 


5 parts 



The foregoing components were mixed together and heated at 70 *C on water bath to completely 
dissolve the resin. Then, 18 parts of carbon black (MCF-88, made by Mitsubishi Kasei Kogyo Kabushiki 
Kaisha) and parts of ethanol were added to the solution and the mixture was premixed for 30 minutes and 
then subjected to a dispersion treatment under the following conditions: 
Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Glass beads, 0.5 mm in diameter 
Packing ratio of grinting media: 60% (by volume) 
Grinding time: 3 hours 

The mixture was further subjected to a centrifugation treatment (12,000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 



Preparation of Ink 


The thus prepared dispersion 


30 


parts 


Dye (A-1) 


1.5 


parts 


Diethylene glycol 


10 


parts 


Ethanol 


1.5 


parts 


Polyethylene glycol (PEG 300) 


10 


parts 


Deionized water 


27 


parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto, and the 
mixture was stirred for one hour to obtain an ink. 

Comparative Example 1 

A black ink was prepared in the same manner as in Example 1, except no such dye as in Example 1 
was used and 10 parts of carbon black was used and subjected to the dispersion treatment 

Comparative Example 2 

A black ink was prepared in the same manner as in Example 2, except that Direct black 19 was used in 
place of the dye of Example 2 and subjected to the dispersion treatment. 

Comparative Example 3 

A black ink was prepared in the same manner as in Example 1 , except that no ethanol was used. 

The foregoing recording liquids were tested for the following properties by use of a recording apparatus 
of an on-demand type, multihead type capable of ejecting an ink by action of a heat energy (Desk jet 
printer made by Hewlett-Packard Co.). The results are given in the following Table 1. 

T1: Fastness of printed product: 

Lightfastness 

Printed samples each made with the thus prepared inks were exposed to a xenon fade meter (black 
panel, 63 *C, 75% humidity) for 100 hours to measure changes in chromaticity b fore and after the 
exposure (color difference: a distance on the chromaticity coordinates of changes in the chromaticity by CIE 
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Lab colorimetry before and after the exposure). 
Waterfastness 

s Printed samples were dipped in tap water for 5 minutes to measure changes in the optical density of 
the printed samples before and after the dipping. 

T2: Optical density of printed products: 

io Optical densities of the printed products were measured by a Macbeth densitometer (RD918). 

T3: Clogging during the reprinting after a short discontinuation of printing: 

Clogging during the reprinting after a short discontinuation of printing was determined by filling a test 
75 ink in a printer, continuously printing Roman letters and numbers for 10 minutes, discontinuing the printing, 
leaving the printer to stand in e.g., an uncapped state (20 o C±5*C; 50±10% RH) for 10 minutes and again 
printing Roman letters and numbers to inspect the presence of failures such as blurrs or breakings in the 
printed letters or numbers. 

Mark n O n : no failure at all at the first letter and so on 
20 Mark "A": blurrs or breaking in parts at the first letter and so on 
Mark "x": complete failure to print even at the first letter 

T4: Recovery from clogging during the reprinting after a long discontinuation of printing: 

25 Recovery from clogging during the reprinting after a long discontinuation of printing was determined by 
filling a test ink in a printer, continuously printing Roman letters and numbers for 10 minutes, discontinuing 
the printing, leaving the printer to stand in an uncapped state (60 °C, 10 + 5% RH) for 7 days, and 
conducting recovery operations from nozzle clogging to find how many operations were required for printing 
normal letters free from blurrs or breaking. 

30 Mark n O w : normal letters were printable by 1 to 5 recovery operations 
Mark "A": normal letters were printable by 6 to 9 recording operations 
Mark n x n : normal letters were printable by 11 or more recovery operations 

T5: Ejection stability: 

35 

Continuous ejection of the test inks was carried out in the atmosphere both at 5°C and 40 °C to 
determine the time required until an ejection failure took place. 

T6: Hue of printed products: 

Chromaticity of printed samples with the thus obtained inks was measured by C1-35 (made by 
Murakami Shikisai Gijutsu Kenkyu-Sho) to determine L\ a*, and b*. L*. a* and b* are perceptivity indice 
defined in CIE1976 (L*, a*, and b«) space. 

45 To: Residual (dissolved) resin concentration: 

Residual resin concentration was determined by centrrfuging the thus obtained inks at 5,500 rpm for 
hours in an ultra-high speed cooling centrifuge (made by Beckmann Corp.) to precipitate the pigment and 
the resin adsorbed on the pigment, sampling a predetermined amount of the supernatant solution, drying 
so and solidifying the sample at 60 °C for 24 hours in a vacuum drier and calculating a percentage of the 
amount of the thus obtained resin to the charged ink as a residual resin concentration. 

The results of evaluations are shown in the following Table 1, where th light resistance of T1 shows 
the respective color differences, the water resistance of T2 shows the percentage of residual coloring 
matters calculated from the optical densities of the printed products before and after the dipping and T2 
55 shows the density of reflectance of the printed products. 
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Table 1 





T X 


T 2 


T 3 




T 5 


T 6 


To 


Light- 
fast- 
ness 


Water- 
fast- 
ness 


L* 


a* 


b* 


Ex. 1 


1.2 


94% 


1.35 


O 


O 


25 hours 
or more 

5 0 hours 
or more 


29.0 


0.31 


0.05 


0.2 


Ex. 2 


1.2 


95% 


1.36 


O 


o 


25 hours 
or more 

d u nours 
or more 


28.8 


0.20 


-0.10 


0.2 


Ex. 3 


2.0 


90% 


1.32 


o 


o 


25 hours 
or more 

3 u nours 
or more 


29.5 


0.50 


-0.31 


0.3 


Ex. 4 


1.0 


96% 


1.33 


o 


o 


25 hours 
or more 

jv nours 

or more 


29.2 


-0.31 


-2.5 


0.3 


Ex. 5 


0.9 


96% 


1.32 


o 


i 

i 

°! 

! 

! 


25 hours 
or more 

50 hour? 

or more 
1 


29.5 

— 1 


-0.51 


-3.0 


0.6 


Ex. 6 


1.3 


i 

i 

95% j 1.35 

i 
i 
i 


o 


— I 

°i 

; 


25 hours ■ 
• 

or more ! 

50 hours 
or more 


28.9 


0.01 


-0.20 


0.5 

1 


! 
i 
• 

i 

Ex. 7 


1.6 


90% ! 1.30 

i 


o 


1 

o 

i 


25 hours 
or more 

5C hours 
or more 


30.8 


0.01 


i ■ -i 

-0.35: 0.02 ; 

! i 

1 i 
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Table 1 (cont'd) 



5 




Ti 






1 


Ts 




T 6 




To 






Light- 
fast- 
ness 


| Water- 
1 fast- 
ness 






















L* 


a* 


b* 




10 


Comp. 
Ex. 1 












25 hours 










15 


0.3 


100% 


X. XD 


o 


o 


or more 

50 hours 
or more 


38 .6 


2. 65 


2.10 


0.1 
















8 hours 












Comp. 
Ex. 2 


0.5 


100% 


1.19 


O 


A 


or more 
30 hours 


38.3 


3.51 


2.58 


0.2 


20 














or more 












Comp. 
Ex. 3 


1.2 


94% 


1.35 


o 


o 


No stable 
discharge 


35.6 


0.28 


0.51 


0.3 



Remarks: Sheets used for printing; Xerox 4 024 



paper sheets 
T 5 = Upper value at 5°C; Lower value at 
40 °C 



35 



40 



Example 8 


Preparation of pigment dispersion 


Styrene-maleic acid-methyi methacrylate 


4 parts 


copolymer (acid value: 155; average molecular 




weight: 13,000) 




Monoethanolamlne 


2 parts , 


Deionized water 


64 parts 


Ethylene glycol 


5 parts 



45 

The foregoing components were mixed together and heated at 70 ° C on a water bath to completely 
dissolve the resin. When the concentration of the resin to be dissolved was low, the dissolution was 
sometimes incomplete, and thus a resin solution of high concentration may be prepared in advance and 
adjusted to a desired concentration upon dilution to attain complete dissolution of the resin. 20 parts of 

50 carbon black (MCF-88, made by Mitsubishi Kasei Kogyo Kabushiki Kaisha) and 5 parts of ethanol were 
added to the solution, and the mixture was premixed for 30 minutes and then subjected to a dispersion 
treatment under the following conditions: 
Dispersing apparatus: Pearl mill (made by Asizawa) 
Grinding media: glass beads, 0.8 - 1.2 mm in diameter 

65 Packing ratio of grinding media: 50% (by volume) 
Ejection rate: 100 mt/min. 

The mixture was further subjected to a centrifugation treatment (12,000 rpm for 15 minutes) to remove 
coarse particles and obtain a dispersion. 

19 
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Preparation of ink 


The thus obtained dispersion 


50 parts 


Dye (B-1) 


1.5 parts 


Glycerine 


5 parte 


Ethylene glycol 


2.5 parts 


Ethanol 


4.5 parts 


Diethylene glycol 


10 parts 


Deionized water 


26.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye. the predetermined amount of the dispersion was added thereto, and the 
mixture was stirred for one hour to obtain an ink. 

Example 9 

In place of 1.5 parts of the dye (B-1) in Example 8, the same dye was subjected to acidic precivitation 
treatment with a hydrochloric acid solution and neutralized with lithium hydroxide. The thus obtained 
solution was dried to solidification to obtain a dye. 1 .5 parts of the thus obtained dye was used in the ink 
composition of Example 8 and a black ink was obtained by dispersion and centrifugation in the same 
manner as in Example 8. 



Example 1 0 


Preparation of pigment dispersion 


cr-Methylstyrene-styrene-acrylic acid copolymer 


4 parts 


(acid value: 195; average molecular weight: 17,000) 




Aminomethylpropanol 


2 parts 


Deionized water 


65.5 parts 


Diethylene glycol 


5 parts 


Nikkol BL-9EX (made by Nikko Chemicals) 


0.5 parts 



The foregoing components were mixed together and heated at 70 "C on water bath to completely 
dissolve the resin. 16 parts of carbon black (MA-100, made by Mitsubishi Kasei Kogyo Kabushiki Kaisha) 
and 7 parts of ethanol were added to the solution and the mixture was premixed for 30 minutes and then 
subjected to a dispersion treatment under the following conditions: 
Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Zirconium beads, 1 mm in diameter 
Packing ratio of grinding media: 50% (by volume) 
Grinding time: 5 hours 

The mixture was further subjected to a centrifugation treatment (12.000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 



Preparation of ink 


The thus obtained dispersion 


50 parts 


Dye (B-3) 


1 .5 parts 


Glycerine 


5 parts 


Diethylene glycol 


7.5 parts 


Ethanol 


1 .5 parts 


Polyethylene glycol (PEG 300) 


5 parts 


Deionized water 


29.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto and the 
mixture was stirred for one hour to obtain an ink. 
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Example 1 1 


Preparation of pigment dispersion 


Styrene-maleic acid-methyl methacrylate 


6 


parts 


copolymer (acid value: 155; average molecular 






weight 13,000) 






Monoethanolamine 


3 


parts 


Deionized water 


61 


parts 


Ethylene glycol 


5 


parts 



The foregoing components were mixed together and heated at 70 °C on water bath to completely 
dissolve the resin. When the concentration of the resin to be dissolved was low, the dissolution was 
sometimes incomplete, and thus a resin solution of high concentration may be prepared in advance and 

75 adjusted to a desired concentration upon dilution to attain complete dissolution of the resin. 20 parts of 
carbon black (MCF-88, made by Mitsubishi Kasei Kogyo Kabushiki Kaisha) and 5 parts of ethanol were 
added to the solution, and the mixture was premixed for 30 minutes and then subjected to a dispersion 
treatment under the following conditions: 
Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 

20 Grinding media: Zirconium beads, 2 mm in diameter 
Packing ratio of grinding media: 40% (by volume) 
Grinding time: 5 hours 

The mixture was further subjected to a centrifuge treatment (12,000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 

25 



Preparation of ink 


The thus obtained dispersion 


40 parts 


Dye (B-1) 


1.5 parts 


Glycerine 


5 parts 


Diethylene glycol 


7.5 parts 


Ethanol 


1 .5 parts 


Polyethylene glycol (PEG 300) 


5 parts 


Deionized water 


39.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto, and the 
mixture was stirred to obtain an ink. 



Example 12 


Preparation of pigment dispersion 


a-Methylstyrene-styrene-acrylic acid-butyl acrylate copolymer 


6 parts 


(acid value: 155; average molecular weight: 14,500) 




Monoethanolamine 


2 parts 


Deionized water 


57 parts 


Ethylene glycol 


5 parts 



The foregoing components were mixed together and heated at 70 °C on water bath to completely 
dissolv the resin. When the concentration of the resin to be dissolved was low, the dissolution was 
sometimes incomplete, and thus a resin solution of high concentration may be prepared in advance and 
adjusted to a desired concentration upon dilution to attain complete dissolution. 20 parts of carbon black 
65 (MCF-88, made by Mitsubishi Kasei Kogyo Kabushiki Kaisha) and 5 parts of thanol were added to the 
solution and the mixture was premixed for 30 minutes and then subjected to a dispersion treatment under 
the following conditions: 

Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Glass beads, 1 mm in diameter 

21 
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Packing ratio of grinding media: 50% (by volume) 
Grinding time: 3 hours 

The mixture was further subjected to a centrifugation treatment (12,000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 



Preparation of ink 


The thus obtained dispersion 


45 parts 


Dye (B-2) 


1.5 parts 


Glycerine 


5 parts 


Diethylene glycol 


12.5 parts 


Ethanol 


1.5 parts 


Deionized water 


34.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto and the 
mixture was stirred for one hour to obtain an ink. 



Example 13 


Preparation of pigment dispersion 


Styrene-maleic acid-methyl methacrylate 


2 parts 


copolymer (acid value: 155; average molecular 




weight: 13,000) 




Monoethanolamine 


1 part 


Deionized water 


72 parts 


Diethylene glycol 


5 parts 



The foregoing components were mixed together and heated at 70 *C on water bath to completely 
dissolve the resin. When the concentration of the resin to be dissolved was low, the dissolution was 
sometimes incomplete and thus a resin solution of high concentration may be prepared in advance and 
adjusted to a desired concentration upon dilution to attain complete dissolution. 15 parts of carbon black 
(MCF-88, made by Mitsubishi Kasei Kogyo KabushiW Kaisha) and 5 parts of ethanol were added to the 
solution and the mixture was premixed for 30 minutes and then subjected to a dispersion treatment under 
the following conditions: 

Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Zirconium beads, 1 mm in diameter 
Packing ratio of grinding media: 50% (by volume) 
Grinding time: 5 hours 

The mixture was further subjected to a centrifugation treatment (12,000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 



Preparation of ink 


The thus obtained dispersion 


30 parts 


Dye (B-3) 


1.5 parts 


Diethylene glycol 


7.5 parts 


Ethanol 


1.5 parts 


Polyethylene glycol (PEG 300) 


10 parts 


Deionized water 


49.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto, and the 
mixture was stirred for one hour to obtain an ink. 
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Example 14 


Preparation of pigment dispersion 


Styrene-maleic acid-methyl methacrylate 


5 parts 


copolymer (acid value: 155; average molecular 




weight 13,000) 




Monoethanolamine 


2 parts 


Deionized water 


63 parts 


Ethylene glycol 


5 parts 



The foregoing components were mixed together and heated at 70 °C on water bath to completely 
dissolve the resin. When the concentration of the resin to be dissolved was low, the dissolution was 
sometimes incomplete, and thus a resin solution of high concentration may be prepared in advance and 
adjusted to a desired concentration upon dilution to attain complete dissolution. 20 parts of carbon black 
(MCF-88, made by Mitsubishi Kasei Kogyo Kabushiki Kaisha) 5 parts of ethanol were added to the solution 
and the mixture was premixed for 30 minutes and then subjected to a dispersion treatment under the 
following conditions: 

Dispersing apparatus: Pearl mill (made by Asizawa Kabushiki Kaisha) 
Grinding medium: Glass beads, 0.8-1 2. mm in diameter 
Packing ratio of grinding medium: 50% (by volume) 
Discharge rate: 100 ml/min 

The mixture was further subjected to a centrifugation treatment (12,000 rpm for 15 minutes) to remove 
coarse particles and obtain a dispersion. 



Preparation of ink 


The thus obtained dispersion 


40 parts 


Dye (C-1) 


1 .5 parts 


Glycerine 


5 parts 


Ethylene glycol 


3 parts 


Ethanol 


5 parts 


Diethylene glycol 


10 parts 


Deionized water 


35.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto and the 
mixture was stirred for one hour to obtain an ink. 

Example 15 

In place of 1.5 parts of the dye (C-1) in the composition of Example 14, the same dye was subjected to 
an acidic precipitation treatment with a hydrochloric acid solution and neutralized with lithium hydroxide. 
The solution was dried to solidification and a dye was obtained. 1.5 parts of the thus obtained dye was used 
In the composition of Example 14 and a black ink was obtained by dispersion and centrifugation in the 
same manner as in Example 14. 



Example 16 


Preparation of pigment dispersion 


of methylstyrene-styrene-acrylic acid copolymer 


4 parts 


(acid value: 195; average molecular weight: 17,000) 




Aminomethylpropanol 


2 parts 


Deionized water 


65.5 parts 


Diethylene glycol 


5 parts 


Nikkol BL-9EX (made by Nikko Chemicals) 


0.5 parts 
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The foregoing components were mixed together and heated at 70 °C on water bath to completely 
dissolve the resin. Then, 16 parts of carbon black (MA-100, made by Mitsubishi Kasei Kogyo Kabushiki 
Kaisha) and 7 parts of ethanol were added to the solution and the mixture was mixed for 30 minutes and 
then subjected to a dispersion treatment under the following conditions: 
5 Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Zirconium beads, 1 mm in diameter 
Packing ratio of grinding media: 50% (by volume) 
Grinding time: 5 hours 

The mixture was further subjected to a centrifugatlon treatment (12,000 rpnn for 20 minutes) to remove 
70 coarse particles and obtain a dispersion. 



Preparation of ink 


The thus obtained dispersion 


50 


parts 


Dye (C-3) 


1.5 


parts 


Glycerine 


5 


parts 


Diethylene glycol 


7.5 


parts 


Ethanol 


1.5 


parts 


Polyethylene glycol (PEG 300) 


5 


parts 


Deionized water 


29.5 


parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto and the 
mixture was stirred for one hour to obtain an ink. 



Example 17 


Preparation of pigment dispersion 


Styrene-maleic acid-methyl methacrylate copolymer 


7 parts 


(acid value: 165; average molecular weight 8,200) 




Monoethanolamine 


3 parts 


Deionized water 


60 parts 


Ethylene glycol 


5 parts 



The foregoing components were mixed together and heated at 70 "C on water bath to completely 
dissolve the resin. When the concentration of the resin was low, the dissolution was sometimes incomplete 
and thus a resin solution of high concentration may be prepared in advance and adjusted to a desired 
concentration upon dilution to attain complete dissolution. Then, 20 parts of carbon black (MCF-88, made 
by Mitsubishi Kasei Kogyo Kabushiki Kaisha) and 5 parts of ethanol were added to the solution and the 
mixture was premixed for 30 minutes and then subjected to a dispersion treatment under the following 
conditions: 

Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Zirconium beads, 2 mm in diameter 
Packing ratio of grinding media: 40% (by volume) 
Grinding time: 3 hours 

The mixture was further subjected to a centrifugatlon treatment (12,000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 



ss 
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Preparation of ink 


The thus obtained dispersion 


40 parts 


Dye (C-1) 


1 .5 parts 


Diethylene glycol 


12.5 parts 


Ethanol 


1 .5 parts 


Polyethylene glycol (PEG 300) 


5 parts 


Deionized water 


39.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto and the 
mixture was stirred for one hour to obtain an ink. 



Example 18 


Preparation of pigment dispersion 


Styrene-acrylic acid-methyl methacrylate 


6 


parts 


copolymer (acid value: 180; average molecular 






weight: 10,000) 






Monoethanolamine 


2 


parts 


Deionized water 


64 


parts 


Ethylene glycol 


5 


parts 



The foregoing components were mixed together and heated at 70 "C on water bath to completely 
dissolve the resin. When the concentration of the resin to be dissolved was low, the dissolution was 
sometimes incomplete, and thus a resin solution of high concentration may be prepared in advance and 
adjusted to a desired concentration upon dilution to attain complete dissolution. Then, 20 parts of carbon 
black (MCF-88, made by Mitsubishi Kasei Kogyo Kabushiki Kaisha) and 5 parts of ethanol were added to 
the solution and the mixture was premixed for 30 minutes and then subjected to a dispersion treatment 
under the following conditions: 

Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Glass beads, 1 mm in diameter 
Packing ratio of grinding media: 50% (by volume) 
Grinding time: 3 hours 

The mixture was further subjected to a centrifugation treatment (12,000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 



Preparation of ink 


The thus obtained dispersion 


50 parts 


Dye (C-2) 


1 .5 parts 


Diethylene glycol 


12.5 parts 


Ethanol 


1 .5 parts 


Polyethylene glycol (PEG 300) 


5 parts 


Deionized water 


29.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
so complete dissolution of the dye. the predetermined amount of the dispersion was added thereto and the 
mixture was stirred for one hour to obtain an ink. 
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Example 19 


Preparation of pigment dispersion 


Styrene-acrylic acid-butyl acrylate copolymer (acid 


2 parts 


value: 179; average molecular weight 18.000) 




Monoethanolamine 


2 parts 


Deionized water 


70 parts 


Ethylene glycol 


5 parts 



The foregoing components were mixed together and heated at 70 # C on water bath to completely 
dissolve the resin. When the concentration of the resin to be dissolved was low, the dissolution was 
sometimes incomplete, and thus a resin solution of high concentration may be prepared in advance and 
adjusted to a desired concentration upon dilution to attain complete dissolution. Then, 1 6 parts of carbon 
black (MCF-88, made by Mitsubishi Kasei Kogyo Kabushiki Kaisha) and 5 parts of ethanol were added to 
the solution and the mixture was premixed for 30 minutes and then subjected to a dispersion treatment 
under the following conditions: 

Dispersing apparatus: Sand grinder (made by Igarashi Kikai) 
Grinding media: Zirconium beads, 1 mm in diameter 
Packing ratio of grinding media: 50% (by volume) 
Grinding time: 5 hours 

The mixture was further subjected to a centrifugation treatment (12,000 rpm for 20 minutes) to remove 
coarse particles and obtain a dispersion. 



Preparation of ink 


The thus obtained dispersion 


30 parts 


Dye (C-3) 


1.5 parts 


Glycerine 


5 parts 


Diethylene glycol 


7.5 parts 


Isopropyl alcohol 


1.5 parts 


Polyethylene glycol (PEG 300) 


5 parts 


Deionized water 


29.5 parts 



The foregoing components excluding the dispersion were mixed together and stirred. After the 
complete dissolution of the dye, the predetermined amount of the dispersion was added thereto, and the 
mixture was stirred for one hour to obtain an ink. 

The recording liquids prepared in the foregoing Examples 8 to 19 were subjected to test to investigate 
Ti to T s in the same manner as in Examples 1 to 7 and comparative Examples 1 to 3. The results are 
shown in Table 2. 

In Ti , marking resistance was additionally evaluated. 

Marking resistance 

Printed samples were traced with a commercially available marking pen (fluorescent pen) to evaluate 
the degree of fouling of the printed products. 

Mark "O n : no fouling such as trailing edges, etc. at ail on the printed surface 

Mark "x": Serious trailing edges on the printed surface and serious fouling of the printed products 

As can be apparent from the foregoing, the present invention provides a recording liquid capable of 
producing printed products of high fastness and high print density and also provides a recording liquid 
capable of being ejected constantly stably ven for a prolonged ejection with less clogging at the printer 
and a good preservation stability. 
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Table 2 



5 






Ti 




T3 




TS 


To 








Light- 
fast- 


Water- 
fast- 


Marking 
resist- 


T2 








ness 


ness 


ance 












70 


Ex, 


8 


1.3 


100% 


O 


1.38 


O 


o 


25 hours or more 
50 hours or more 


0.2 


75 


Ex. 


9 


1.4 


100% 


O 


1.38 


O 


o 


25 hours or more 
50 hours or more 


0.2 




Ex. 


10 


1.2 


100% 


o 


1.32 


o 


o 


25 hours or more 
50 hours or more 


0.3 


20 


Ex. 


11 


1.3 


100% 


o 


1.33 


o 


o 


25 hours or more 
50 hours or more 


0.5 


26 


Ex. 


12 


1.4 


100% 


o 


1.32 


o 


o 


25 hours or more 
50 hours or more 


0.6 
























Ex. 


13 


1.2 


100% 


o 


1.33 


o 


o 


25 hours or more 
50 hours or more 


0.03 


30 


Ex. 


14 


1.4 


98% 


o 


1.33 


o 


o 


25 hours or more 
50 hours or more 


0.3 




Ex. 


15 


1.4 


99% 


o 


1.33 


o 


o 


25 hours or more 
50 hours or more 


0.3 


35 


EX. 


16 


1.6 


97% 


o 


1.32 


o 


o 


25 hours or more 
50 hours or more 


0.2 


40 


Ex. 


17 


1.4 


98% 


o 


1.33 


o 


o 


25 hours or more 
50 hours or more 


0.5 




Ex. 


18 


1.4 


99% 


o 


1.33 


o 


o 


25 hours or more 
50 hours or more 


0.8 


45 


Ex. 


19 


1.35 


95% 


o 


1.31 


o 


o 


25 hours or more 
50 hours or more 


0.02 



so Claims 

1 . A recording liquid which comprises carbon black, a water-soluble resin, a water-soluble organic solvent 
including polyhydric alcohol and/or its afkyi ther and an aliphatic monohydric alcohol, and water, wherein 
the amount of the dissolved water-soluble resin is not more than 2% by weight and the recording liquid 
65 further contains at least one of dyes represented by the following general formula (A) to (C): 
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75 



MO 3 S — ^ — N=N 




70 



where R is - H, - COCH 3 , 



SO 3 M 



NHR 



SO 3 M 



(A) 



NH 2 

- CO -<0> or — 

N— ^ 

NH 2 



20 



and M is Na, U, K or ammonium; 



25 



30 



35 



40 



(R 2) n 



R 1 MO 3 S 



(B) 



wherein Fh and R 2 are independently selected from -OCH 3f -CH 3< -NH 2 and -NHCOCH 3l n is 0 or 1 and M 
is Na, Li, K, or ammonium; and 

HO NH 2 

<5y-N = N -J^Q^ N ^ H^>~NH — N = N -©-OH 
MO 3 S SO 3 M SO 3 M NH 2 



(C) 



46 



50 



55 



wherein M is Na, K, Li or ammonium. 

2. A recording liquid according to Claim 1, wherein the content of the carbon black is in the range of 3 to 
20% by weight on the basis of the total weight of the recording liquid. 

3. A recording liquid according to Claim 1, wherein the content of the dye is in the range of 0.5 to 2.0% by 
weight on the basis of the total weight of the recording liquid. 

4. A recording liquid according to Claim 1, wherein the content of the aliphatic monohydric alcohol is in the 
range of 3 to 15% by weight on the basis of the total weight of the recording liquid. 

5. A recording liquid according to Claim 1 . wherein the content of the polyhydric alcohol and/or its alkyl 
ether is in the range of 10 to 15% by weight on the basis of the total weight of the recording liquid. 

6. A recording liquid according to Claim 1, wherein the aliphatic monohydric alcohol is ethyl alcohol. 

7. A method for ink jet recording, which comprises ejecting a recording liquid as liquid droplets from fine 
orifices by endowing the recording Rquid with heat energy, the recording liquid comprising carbon black, a 
water-soluble resin, a water-soluble organic solvent including polyhydric alcohol and/or its alkyl ethers and 
an aliphatic monohydric alcohol, and water, the amount of the dissolved water-soluble resin being not more 
than 2% by weight and the recording liquid further containing at least one of dyes represented by the 
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following general formulae (A) to (C): 



MO 3 S — @— N=N 



10 




OH NHR 



SO 3 M 



(A) 



wherein R is - H, -COCH3, 



15 



20 



- CO 



and M is Na, Li, K or ammonium; 



or -(On 



SO a M 



NH 



N— ^ 



NH 



25 



30 



(R 2) n 



H 2 N N = N — ^-N = 



R j MO 3 S 



OH 




NH 



(B) 



35 



40 



wherein Ri and R 2 are groups selected from - OCH 3 , - CH 3 , - NH 2 and - NHCOCH 3f n is 0 or 1 and* M is 
Na, Li f K or ammonium; and 

HO NH 2 

MO 3 S SO 3 M SO 3 M NH 2 



45 



(C) 



wherein M is Na, K, Li or ammonium. 

8. A method according to Claim 7, wherein the content of the carbon black is in the range of 3 to 20% by 
weight on the basis of the total weight of the recording liquid. 
SO 9. A method according to Claim 7. wherein the content of the dye is in the range of 0.5 to 2.0% by weight 
on the basis of the total weight of the recording liquid. 

10. A method according to Claim 7, wherein the content of the aliphatic monohydric alcohol is in the range 
of 3 to 15% by weight on the basis of the total weight of the recording liquid. 

11. A method according to Claim 7. wherein the content of the polyhydric alcohol and/or its alky I ether is in 
55 the range of 10 to 50% by weight on the basis of the total weight of the recording liquid. 

12. A method according to Claim 7. wherein the aliphatic monohydric alcohol is thy I alcohol. 

13. A method according to Claim 7, wherein the water-soluble resin has an acid value of 50 to 300. 

14. A method according to Claim 7, wherein the water-soluble r sin has an acid value of 70 to 250. 
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70 



75 



15. A recording liquid which comprises carbon black, a water-soluble resin, a water-soluble organic solvent 
Including polyhydric alcohol and/or its alkyl ether and an aliphatic monohydric alcohol, and water, wherein 
the water-soluble resin has an acid value ot 50 to 300, the amount of the dissolved water-soluble resin is 
not more than 2% by weight and the recording liquid further contains at least one of dyes represented by 
the following general formulae (A) to (G): 



MO 3 S — @— N=N 




where R is - H, - COCH 3 , 



NHR 



SO 3 M 



(A) 



20 



25 



NH 2 

/— \ N — ( 

- co -<0> or —(Qn 

^ N — 

NH 2 



SO3M 



and M is Na, Li, K or ammonium; 



30 



35 



(R 2 ) n 

H 2 N -@-N=N -<Q^N=N 



OH 



R 1 MO 3 S 




NH 



(B) 



wherein Ri and R2 are independently selected from OCH 3 , -CH 3 , -NH 2 and -NHCOCH3, n is 0 or 1 and M 
40 Is Na, Li, K. or ammonium; and 



HO NH 2 



MO 3 S SO * M SO ^ M NH 2 



SO 3 M SO 3 M 



50 



(C) 



wherein M is Na, K, Li or ammonium. 

16. A recording liquid according to Claim 15, wherein the content of the carbon black is in the range of 3 to 
20% by weight on the basis of the total weight of the recording liquid. 
55 17. A recording liquid according to Claim 15, wherein the content of the dye is in the range of 0.5 to 2.0% 
by weight on the basis of the total weight of the recording liquid. 

18. A recording liquid according to Claim 15, wherein the content of the aliphatic monohydric alcohol is in 
the range of 3 to 15% by weight on the basis of the total weight of the recording liquid. 
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19. A recording liquid according to Claim 15, wherein the content of the polyhydric alcohol and/or its alky I 
ether is in the range of 10 to 15% by weight on the basis of the total weight of the recording liquid. 



s 



w 



15 



20 



25 



30 



35 
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0 Recording liquid and method for ink Jet recording using same. 

© A recording liquid comprises at least one of 
certain specified dyes carbon black, a water-soluble 
resin, a water-soluble organic solvent and water. The 
organic solvent includes polyhydric alcohol and/or its 
alkyl ether and an aliphatic monohydric alcohol. The 
water-soluble resin has an acid value of 50 to 300. 
The amount of the dissolved water-soluble resin is 
not more than 2% by weight. A method for ink jet 
recording comprises ejecting the recording liquid as . 
liquid droplets from fine orifices by endowing the 
recording liquid with heat energy. 
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